Bacteria have demonstrated an amazing capacity to overcome environmental changes by collective adaptation through genetic exchanges. Using a distributed communication system and sharing individual strategies, bacteria propagate mutations as innovations that allow them to survive in different environments. In this paper we present an agent-based model which is inspired by bacterial conjugation of DNA plasmids. In our approach, agents with bounded rationality interact in a common environment guided by local rules, leading to Complex Adaptive Systems that are named 'artificial societies'. We have demonstrated that in a model based on free interactions among autonomous agents, optimal results emerge by incrementing heterogeneity levels and decentralizing communication structures, leading to a global adaptation of the system. This organic approach to model peer-to-peer dynamics in Complex Adaptive Systems is what we have named 'bacterial-based algorithms' because agents exchange strategic information in the same way that bacteria use conjugation and share genome.
Introduction
Bacteria have demonstrated an amazing capacity to overcome environmental changes by collective adaptation through genetic exchanges. By using a distributed communication system and sharing individual strategies, bacteria propagate mutations as innovations that allow them to survive in different scenarios [1, 2, 3, 4, 5] . Resilience is the capacity of a system to absorb changes in an environment, adapting its properties to disturbance but retaining its basic structure [6] . In this paper we will introduce our agents-based approach to model resilience in artificial societies. Even though similar approaches have been previously reported, such as MBFOA [7], MGA [8], OBBC [9] or BEA [10], we have developed a proof-of-concept inspired by bacterial conjugation that allows us to show how, in artificial societies based on interactions among agents with bounded rationality, optimal results emerge by incrementing heterogeneity levels and decentralizing communication structures [11] . Bacterial conjugation is a distributed communication system used by bacteria to exchange strategies of survival, implemented on genetic code. It matches the kind of dynamics we want to model because of several reasons. First of all, we conceive both natural and artificial societies as Complex Adaptive Systems (CAS) [12] which evolution depends on interactions among autonomous agents. Secondly, we sustain that collective adaptation is related to decentralized communications [13] , relying on information exchanges by using P2P networks to share codified blocks of information. Third, heterogeneity in population and variation (or mutation) of strategies is also a factor of evolution even though communication and P2P dynamics play an important role.
Model

Definition
Following an agent-based modeling approach, we want to simulate and analyze the impact of both peer-to-peer connections and heterogeneity on strategies optimization, that is, on distributed generation of knowledge. In agent-based modeling, agents with bounded rationality interact in a common environment guided by local rules, leading to Complex Adaptive Systems that are named 'artificial societies' [14, 15] . These simplified models of biological societies grow from the bottom up in computational environments and can be used as laboratories to test some hypotheses. In our case, we will use a special type of agent-based model, a bacterial-based algorithm that is inspired by bacterial conjugation and that matches with our purpose of simulating emergence of collective intelligence. In this model, we have a set A with N agents (a i ). Each agent owns a genome that contains a specific strategy (s i ) to optimize a function. Depending on an agent's strategy, its knowledge level will be greater or lower. Then if an agent is able to optimize a given function in order to get a result with 70% of accuracy by using its own strategy, its knowledge level will be set to 70 and so on. Knowledge levels determine an agent's position in a social structure. So agents with a more successful genome will dominate the cultural life of society. During simulation agents move randomly through a bi-dimensional grid. When two agents have the same coordinates (x,y) they meet to each other and compare their knowledge levels. After that, the one with a lower knowledge (a a ) tries to get a copy of genome from the more successful (a b ). If the owner of the best strategy (a b ) does not share its strategic knowledge we will say that conjugative machinery to send plasmids is inhibited. Otherwise a b will offer a plasmid with a copy of his genome to agents in the same coordinates and lower knowledge. Even though if the owner (a b ) allows the other agent (a a ) to get a copy of its genome and then improve its strategic knowledge, a b can impose two restriction policies to that copy: • Inhibit Reproduction: The receiver of a plasmid (a a ) is allowed to use the strategy that is contained in the copy but it does not own the intellectual property of that strategy. Then plasmid cannot be sent to others once it is received. In this case the first owner (a b ) is the only one with reproduction rights on that strategy. • Inhibit Mutation: The receiver (a a ) can use the strategy but cannot modify it. Genome only can be used as a unit of privative software or as a behavioral dogma, following the exact strategy proposed by first owner (a b ). Otherwise, if mutation is not inhibited, strategies may be modified or mixed with other ones by the receiver (a a ).
